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A non-opdcal method for the formation of ; 
I sub-half-tnicron holes, vias, or. trenches within a ' 

substrate.; For example, a subsuaie (30) having ' 

at least two buttresses. (I (X)) or a trench haying 

ail interbuttress distance (90) or a width of 1.0- • . 

to . 0.5 microns, respectively, is conformally or 

non<onformaUy lined with, a layer material (50), ' ' 

Thereafter, the layer material fix)m' horizontal, sur.->r • 

faces is removed to form sidewaU spacers, and ex- 
pose the substrate surface, thereby narrowing ' the :.. 

interbuttress distance (90) or the trench width, re- ; 
i spcctively, to sub-half- rnicron trenches. Finally. 
j the buttresses (100) and layer matenaJ (50) are re- ; 
I moved from the substrate. .Altemadvely, a tern- ■ . 
\ plate of buttresses or channel glass having open- . ' • 
j ings.' lined with layer material, on the order of sub- . 
I haif-miicron widths i^ placed on a substrate prior to ' \ ■ 
j anisotropic etching. The template is removed after - ; 
j etching the substrate, and can be used repeatedly. . . . ' 
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horizontal surfaces of buttresses attached, to the substrate and on the bare exposed . 
horizunial substrate surface scciions between buttresses, in the region of suh-halt- 
micrun dimensions, hai> been difficult to achieve. U is also ditficuh to dc^posit highly 
confprnia[:(i.e. of essentially the sarpe thjckness. for exampie^within ± 2 - 10 % of • 
, the average thickness) metal films on the vertical and hprizontal surfaces of holes or 
trenches cut into the substrate in the region of sub-half micronrdimensions. See, Riley 
et slLj Limitation of low-temperature low pressure chemical vapor deposition of SiO.for the 
insulation of high-density multilevel very large scale integrated circuits^ J. VaC- Scl 
Technol. B 7 (2), Mar/Apr 1989, Figs. 2 and 3, pp- 230-231, incorporated herein by 
reference iiri its entiretyi See, Hafanaka et al,, H20'TEOS Plama''CVD Realizing 
Dielectrics Having a Smooth Surfacei VMlC CONFERENCE, June 11.12, TH^0359. 
0/91/0000-0435 $01.00 C 1991 IEEE, Figs. 2 and 3, p. 438, incorporated herein by 
reference in its entirety; See, Lai et al., CVD'Aluminium for Submicron VLSI 
Metallization, VMIC CONFERENCE, June 11-12, m0359-0/9 1/0000-0089 $ 1991 
IEEE, Figs'. 2 and 3, p. 94, incorporated herein by reference in its entirety: See. Rey et 
sil. J Numerical Simulation of CVD Trench Filling Using a Surface Reaction Coefficient 
.Model, VMIC CONFERENCE, June 12.13, TH-032S-1/90/0000^0425 $01.00 C 1990 IEEE, 
Figs. 3 and 5, p. incorporated herein by. reference in its eiitirety; 56^e, Ahn ai./ 
Advances in Production Methods in VLSI and VLSI Technology Using Isolated-Chamber . 
Sputter Deposition of Al 1% Si Films, VMIC CONFERENCE, Jurie 12-13, TH.d325- 
0/90/0000-032S,$OL60 C 1990 IEEE, Figs. 2/ 3, 4 and 6, pp. 327-328, incorporated : ^ 
herisin by reference iri its entirety; S^e, Raaijmakers e^al./ Can/ac/ /fdfe Fill with Low 
Temperature. LPCVD TiN, June 12-13, TH-0325- 1/90/0000-0219 $01.00 C 1990 IEEE, 
Fig. la, p. 222, incorporsti&d herein by reference in its entirety. ^^^^^ ^^ - '"^ 

- For higher'pattern resolution holes, vias or trenches, on the order of about ;" 
. 0..25 |xm to about 0.5 /Lim in diameter or Avidth;- shorter wavelength/rn 
systems using deep UV or X-ray radiation are needed. Using deep UV lithography, ,/ ' 
feature sizes between 0.25-0.5 microns c^n be achieved only with difficult (See U.S 
Pai. No. 4,947,413 Col. 1; Lines 59-60; Col. 2, Lines 06.39;. U.S;: Pat. No: 5.089:913 ■ 
Col 3, Lines 37-39). X-ray photohthography can achieve a resolution below O.l'/im: > 
however: this method encounters problems in resist sensitivity, source iniensitv.'rnask 
generation and .registry. .In addiiipn/X-fay photplithography is equ 
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METHOD OF FABRICATING SUB-HALF MICRON TRENCHES AND HOLES 
CROSS REFERENCE TO RELATED APPLICATI^^^^^ 

This IS a continuatiunMn-pari ot prior application Serial No.- 07/782.197 tiicid on. 
Ociober 24, 1991 by David Hsu et al. titled Method of Forming Nanometer- Scale 
Trenches and Vias and designated by Navy- Case No.- 73344 iricorporated herein, by 
reference in its -entireryv . V : • 

BACKGROUND OF THE iN\aENT^^ 
FIELD OF THE INVENTION 

. The present inveiition relates generally, to lithographic, techniques for 
ttiicrocircuit fabricati and more specifically to a rnethod for forming trenches, vias 
•and holes of sub-half^micron dimensions within microcirG 
DESCRIPTION OF THE RELATED ART 

; The perfdrmanee of microelectronic components is'greatly enhanced by 
. reducing the size of electronic devices on chips and.by reducing the dimensions and 
-ispaeiiigs of trenches and/dr; holes imprinted within= the", substrate.; Miniaturization of . 
- feature siie in the microeieeironics iridiistry by the -currently used cdhventional 
; photolithography methods has reached the inherent process limit 6f 0.5 rnicrori. Th 
conventional method for fabriceiting trenches ahd/or holes iri a substrate, is done by 
photolithography and patt^ The substrate is coated, with: ^ U V-st;nsitive ; 

• resist film; The resist film is then exposed to a pattern Of UV radiatibn/ f6f example- 
;"a 'parailel grid for trench - fabrication; : Exposure to the" LW' paf tern' alters, the resist ■ 
film structure -and reactivity. After developing the UV resist" film." it is' 

dissolved, away leaving behind a pattern of .the unexposed, unaltered resist ,fi I rri and ' 
bare exposed substrate surface sections, which were covered by- UV-exposed resist film 
: priC to dissolution.- Using directional etchings such as reactivejon etching (RIE), / 
perpendicular to the substrate surface, trenches, Vias and/or holes withriafgely vertical . 
. walls can be cut into the bare exposed substrate sections unprotected by the etch 
mask of resist filfn. material. In genersil^ conventional photolithography: h^ : 
mhefent resolution .limit of about 0.5 jum for forming trenches or holes. ' It is almost ,. 
irripossible to achieve, a resolutiOri below about 0.4 fim using coriventiorial. . 
phdtoHthography. ; . , . ' ; ' . ^ ' ' • 

Additionally, conformal. deposition of various rnetals on the vertical and 
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and expensive. 

Thu.s. d need rcrnains tor a iiihugraphic method by which sub-hait^micrgn 
dimension irenches and/or hgles can be produced consistently, inexpensiveK and with 
relative ease. 

SUMIVURY OF IBE INVENTION 

It is therefore an object of the claimed invention to consistently and reliably 
fabricate trenches, and/or holes and/or vias of sub-half-micron dimensions in a 
substrate, for example, a silicon wafer 

It is therefore another object of the claimed invention to economically and; 
relatively inexpensively fabricate trenches and/or holes and/or vias of sub-half-micron 
dimensions in a substrate, for exarnple, a silicon wafer. 

It is yet another object of the claimed invention to fabricate trenches and/or 
holes and/qr vias of sub-half-micron dimensions substantially smaller than the feature 
sizes achievable by deep UV lithography, by only using starting structures fabricated 
by coriventjonal photolithography and non-optical rnateriar processing techniqiies. 

These and other objects are achieved by. first forniing at least rw6' buttresses 
with an interbuttress distance of about l.O jum to about 0.5 /xm: \A buttress is a raised 
feature having essentially vertical walls extending from a substrate surface, ' ^ 
Thereafter,' a single deposition layer or multiple deposition layers are deposited on . all 
exposed surfaces on: and above the. substrate, thereby/ narrowing the distance between 
adjacent buttresses. AJternatively. instead of a substrate with at least two buttresses 
attached to the surface of the substrate, a substrate with trenches", vias or holes may 
be used.; For example, a. substrate having holes with diameters pn the order of about: 
1.0 ^m to about 0,5'/im may be used:' If -the substrate with trenches,' holes or vias (no 
buttresses) is used then ^ single deposition layer or multiple, deposition, layers are 
deposited on all exposed substrate surfaces, including vertical surfaces (surfaces 
essentially' perpendicular to the plane of the substrate or wafer), thereby, narrowing 
the diameter or width .of the holes,; yias; or trenches. within the substrate. Thereafter, 
the deposited layer or multi-layer from all Qxpostd . horizomal surfaces is- totally or 
partially removed. by, for example, RIE (reactive ion etching). or idn beam sputtering,.. .• 
to expose honzonral substrate surracc sections leaving the deposited layer or multi- 
layer. on. the largely, vertical surfaces . essentially intact." Next, a'verti.cal.(i.e. 
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perpendicular to the subsiraic surface) etching process is carried out, leaving the 
rcri'iaining ueposiicu layer or muiii-Iayer on the. largely vertical surfaces esseniialiy 
intact and the substrate- directly underneath the deposited layer. or n1^^ 
This directional etching carves out trenches, vias or holes in the exposed horizontal 
5 substrate surface sections not protected by art essentiaily intact deposited layer or 
, multi-layer or buttress material. Finally,. the deposited layer (or muiti-layer) and , 
buttress material, if any^ is removed from the substrate leaving behind a substrate 
cdmainihg sub-half-miGron trenches, vias or holes. ^ 

These and other objects and advantages of the claimed invention may be 
10 readily ascertained by referring to the following detailed description and exampies.of 
preferred embodiments: . ■ ' ■ ' / • :/ . .. 

• BRIEF DESCRIPTION OF THE DiUWINGS 

FIG. I is a flow chart showirig the sub-half^micron .dimerision trench, via and/of. 
' ; hole fabrication process of a preferred embodiment of the present invention. 
15 . FIG/ 2a depicts a cross-sectional view of the substrate with at least two - . ■ - 

buttresses attached. FIG: 2b depicts a substrate Whereon a .conformal deposition layef 
* has been deposited onto the surfaces of the substrate and buttresses thereon. FIG. 2c 
depicts a substrate with buttresses where the eonformal depositidri layer has been ' 
removed' trorn the horizd surf aces; JFIG. 2d; depicts a substrate and buttress.^s from 
20 . . FIG. 2c'which.have been etched directiohally. to forni a trench or a hole or a; via and 
- . FIG; 2e depicts a cfdss-^sectional view of the substrate from FIG. 2d where the ^ , : 

' y. '^- ; .'. conform buttresses have been removed from the substrate , ' '. 

surfaces leaving only the trenches or holes of vaas etched into the substrate. : ' "'. •'. ■. 
•, FIG. 2x. FIG. 2y and FIG. 2z depict the variations possible in FIG.' 2d. .: 

25 . iFIG. 3a. depicts.axross-sectional view of another substrate 

. ■ hole, via of trench cut into the substrate, FIG. 3b depicts a substrate whereon a . 
Gonfdrfnal deposition layer has been deposited onto the substrate, FIG. 3c depicts a . 
substrate with a eonformal deposition layer where the eonformal deposition layer has 
been removed from the horizontal surfaces. FIG. 3d depicts a substrate from FIG- 3c 
' jO ; ' which has been etched directionally to" form a narrower trerich or hole br via, FIG. 3e 
' ■ ; depicts a cross-seciidnai view of the substrate frohi FIG. 3d where the eonformal 
; deposition layer has been removed tfom the vertical surfaces and FIG. 3f depicts the'^ 
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substrate of FIG. 3e where, an upper, layer of the substrate has been removed leyving 
• ynlv the narrcnvcr trench c;r hole or via 

^ * FIG. 3\. .FIG.- 3y' and FIG. 3z depict the variations possible in FIG. 3d, ■ 
' FIG- 4 is a schematic diagram showing a vacuurn reactor suitable for . 
.5 iiinplenienting steps SL S2, S3, S4, S5 and S6 ot ^ . 
\ - FIG. 5a depicts a cross-sectional view of another substrate with at least one 

• hole, via or trench cut into the substrate, FIG- 5b depicts a substrate whereon a noh- 
: V. conformal deposition layer has been deposited. onto the substrate, FIG, 5c. depicts a . 
■ ; .substrate with a npn-confonnal deposition layer where the. non-conforrnal deposiiion ; '. , ' ; ; 
10 . - - layer has been removed frpin the horizontal surfaces, FI<j; 5jd depicts a substrate from 
FIG. 5c which has been etched directipnally to form a narrower trench or hole or via, 
■ .- . FIG. 5e depicts a cross-sectional view of the substrate from FIG. 5d where the non.- . . , 
•- . conformal deposition layer' has been removed from the vertical surfaces and FIG. Sf, 

depicts the siibstrate of FIG. 5e where an upper layer of the siibstrate has been. ; ' ' :' /i-?^ 
' . . 15 : :r rem the narrower trench or hole or via etched into the substrate. " : r^i 

FIG. 5x, FIG. 5y and FIG. 5z depict the variations possible; in FIG^Sd, " • -/i 

FIG, 6a depicts a cross-secrionaJ view of another subs . 
' ^ b thereon. FIG. 6b depicts a substrate and buttresses whereon.a npn- - ; - . 

- vconformal- deposition layer has been deposited onto the siirfaces.pf the'substrate:and ; ; 

. ' 20- ' buttresses, FIG,,6c depicts a siibstrate- with a ngn-conformal deposition layer whei-e . v 

. the ndn-confprmal deposition layer has been removed from the horizontal surfaces ;c)t ;; i 
the buttresses and substrate down to 'the. horizontal surface of the substrate. FIG. 6v\ ■ 
depicts a substrate with a non-conformal .deposition layei; where the non-contormai , •■ 
. V 'deposition layer has been rerrioved from the hdnzontaJ surfaces of the buttresses and 

: \ 25 .-'substrate down to and below the horizontal surface: of the substrate; FIG,:;6d depicts a" . •< ; ,; 
■ . ■ ' substrate from FIG. 6c or FIG, 6w which has been etched directipnally to form, a: • ■ 
' ; trench or a hole or via. FIG, 6e depicts a erpss-sectipna) view of the substrate trom. 
' -^ ' ; FIQ. .6d where the non-conformal deposition 'layer has been re^ from the vertical 

. surfaces and the buttresses. have als() been rem . :. ;. . 

30 FIG. '6x/ FIG. 6y and FIG. 6z depict the variations possible in FI^ 

FIG. 7a and FIG. 7b depiei n top view and a cross-sectional side view oi a 
\ ' ■removable- template structure lined wiitv deposition layer or multi-layer (not showrr) in . - 
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Circular openings cut out of ihe buttress material within the ternplate. 

FIG. iia and FiCi. 8b depict a: .top view and a cross-sectional side view ot a 
rennovable ternplate structure liried with deposition layer or mutii-layer (not shown) in 
square or rectangular openings cut out of the buttress material within the template. 

FIG, . 9 is. a -cross-sectional view side view of a removable buttress template .• . 
havirig attached to if a single layer or multi-layer deposited on the vertical portions of 
the buttresses which are cphtaiiied within the template wherein the layer or rnulti- 
layer has been conformally deposited to give a layer of a uniform thickness. 

FIG. 10 is a cross-sectional view side view of. a removable buttress letriplaie \ 
having attaiched to it a single layer or multi-layer deposited on the vertical portions of 
the buttresses which are contained within the ternplate wherein the layer or mulii- ^ 
layer has been nori-conformally deposited to give a layer of hoh^uriifdrnri thickness: 
DETAILED DlESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following detailed description of the preferred embodiments is provided to 
aid those skilled in the art of practicing the present invention. However, the foliowihg 
detailed description of the. preferred embodiment should not-be construed to unduly : . 

: limit the present invention. Variations and .nfiodifications in the embodiments 
disctissed rnay be made by those of 6rd!nary:;SkiH in the art without, departing frbrh the 

.scope of the present irivention. . 

: Referring to FIG. 2a (cdnforrnal deposition: on buttresses) and fIG. 6a (nun- -:.. 
confprmal deposition on buttresses),^! the start of the sub-half-niicron . trench and or 
■hole;. forrnatioh/tabricatiori process^ o the present invention (step SI of FIG. 1), 
least two buttresses 100 are tbritied oh a first horizontal surface 40 of substrate 30: - 

.The buttresses 100 could alternatively be prefabricated separately arid subsequently : \ 
placed on first horizontal surface 40 of substrate 30. In the case of prefabricated 

.buttresses, preferably, a template of buttresses 100 are held in place-on top of V - 
substrate 30 with :Spring loaded microclips.clips (not -shown). .Several examples of 
buttress templates are shown, in FIGS. 7a, 7b, 8a, 8b, 9 and 10.: Alternatively, 
s.ufficieiit glue, adhesive material or other bonding. 'material (not shown) could be . 
applied to. the peripheral regidris of the buttress template. For example, suitable : 
glues include silver paint and photoresist, materials. Thd shape of the openings wnhin 
the ternplate- can be of any desired shape including irregular shapes and dO:not.: 
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necessarily Have to define squares: rectangles or circles as shovvn in FIGS. 7a, 7b, 8a, 
8b/9 and 10. A minimai amount ut glue, adhesive nriateriai or bonding maierial is 
preferred to avoid intcrterence with any conforrnal or non-conformal. deposition (sec? 
step S2 of FIG. Ij. For example, excess, glue can occlude, openings, cause shifting of . 
the .template, or form a glue layer which is susceptible to fracture. Substrate 30 is" 
selected from materials including a semiconductor such as silicon (Si), gallium . 
arsenide (GaAs); an insulator such as silicon dipxicle (SiOj); or a metal such as Cu or 

.;W:";. "-".v :r^.'---y\'' -■ . 

If removable templates (see FIGS. 7a, 7b, 8a, 8b, 9 and 10) are used, for 
example, iri FIGS, 2d and 6d, removal of those templates would yield the* substrates as, 

■ depicted in FIGS. 2e and 6e, respectively. The removable templates appear as shown 
in FIGS, 7a, 7b,. 8a, 8b, 9 and 10. These templates can be reused oh a new substrate, 
; for example, with glue or microclips (not shown), as previously described, without ; 

• having to repeat steps SI, S2, and S3 of FIG. L thereby, increasing^the efficiency, of - . 
this inventive process and reducing its cost. ' - v ' -. 

Referring to. FIG. 2a (conformal deposition on buttresses) and FIG. 6a (npn- 

^ 'conformal deposition on buttresses), atieast two buttresses 100, having essentially 

- vertical surfaces 10 and essentially horizontal surfapes 20 with an interbuttress distance 
shown as 90 from about 1.0 jum to about 0.5 /xm are advantageously . formed using 
conventional lithographic fabrication techniques, for example, photdlithography. 
Buttress 100 is selected from materials including silicon (Si), silicon dioxide (SiQ.). 

■' metal oxides, glasses, poiyimides and photoresists. A cross-sectional view of thu work 
piece thus formed is shown in FIG. 2a and FIG, 6a; 

•AJternatively/ referring to FIG. 3a (conformal deposition oh hple. trench or via)- . 
and FIG. 5a (non-confgrmal deposition on hole, trench or via), at least one hole. 

. trench or- via having vertical surfaces 1000 and. a horizontar surface 400 is cut into the 
first- horizontal surface 200 of the substrate 300. The hole or trench (i.e. via). 
depicted in. FIG. 3a and FIG, 5a, ^ has a diameter of about LO /im to 'about 0.5 urn or 
a width of about 1,0 jLim to about. 0,5 jum, respectively,, denoted as 900. The hole, via 
or trench depicted in FIG. 3a and FIG. 5a is formed using conventional lithographic 
fabrication techniques, tor example, photolithography. 

..'During step; S2 (see FIG.T),. as shown .in: FIG. 2b (conformal.dfepositioh on . 
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buttresses), a deposition layer 50 is formed on surfaces- 10, 20. and 40 having a 
unitornr thickness shown ^is 70. In other words, Ueposition layer 50 is contormaily 
deposited on surraces 10. 20. and 40. Preterabiy/ the deposition layer 50 is tormed by 
depositing a small grain size metal or other material via thermal decomposition of a 
metal containing precursor nriaterial or other suitable precursor material. 

Alternatively, during step S2 (see'FlG. l^ as shown in FIG. fib (lidn^Gbnformal 

•■1 " 

■ deposition oh buttresses), a deposition layer SO is formed oh surfaces 10, 20, and 40 
..having a hon-unifbrm thickness. .In other words^ deposition layer 50 is non- 
conformally deposited oh surfaces 10, 20, arid 40. Preferably, the deposition layer 50 
i3 formed by depositing a small graih size metal or other material via thermal 
decohnjDbsition of a metal Gontaihihg precursor material or other suitable precursor 
material. • . > 

; During step S2 (see FIG. 1), as shown in FIG. 3b (conformal deposition on 
hole,, trench or via), a deposition layer 500 is forrhed on surfaces 1000,. 200 and 400 
having a uniform thickness shown as 700. In, other words, deposition layer 500 is. 
conformally deposited on surfaces lOOOi 200 and 400. Preferably, the layer 500 is 
formed.by depositihg a snii^ll grain..si2e metal or other material via thermal . ; 

dei:orhposition of a nietal: containing precursor gas or other suitable precursor gas. ' • 

■ i ' Alternatively, during ste{3 S2 (see FIG. 1), as shown in FIG.,Sb -(hbh-conf6rnial 
depdsitioh on hole, trench or via), a deposition layer 50.0 is formed on surfaces 1000. 
200 and 400 having a non-uniform thickness. . In other words, deposition layer 500 is; v 
'nonrconforrtiaily deposited oh surfaces 1000,. 200 and 400. Preferably, the lave r 500 is 
forrhed by depositing a small grain size metal or other material via therrnal - 
deedmpositioh of a nietal containing precursor gas or other suitable precursor gas. ? 

. . or 500 may be formed by conformaliy depositing a/ 

.single material to a thickness shown as 70 (see FIG. 2b; conformal deposition oh 
buttresses) or 700 (^ee FIG, 3b; conformal deposition oh hole,, trench or via) or by . 
depositing multi-layers (hot shown) of a metal, a semicondijctor, an insulator and . 
niixtures thereof to a final conformal thickness shown as 70 or 700. AJterhatively, the. 
depdsitioh layers 50 or 500 hiiay be formed, by noh-confbrmally depositing a single ' . 
material (see FIG. Sb^-ndn-confofmal deposition oh buttresses and FIG. 5b-npn- 
conforrnal deposition on hole, trench or via) or by depositing multi-layers (not shown) 
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of a metal, a semiconductor; an insulator and mixtures thereof. - 
' r To torm cgnformal Uepositipn layers or multi-layers (not shown), for example 
; 50 and 500. as depicted in FIGS. 2b and 3b,' respectively, an appropriate -precursor . 
gas is selected. The contormaJ deposition layer or-multi-layer (not shown), 50 or 500 
(see FIG. 2c or FIG. 3c, respectively), thus formed, are; selected so that they protect 
portions of the substrate. 30 or 300. directly underneath the layers 50:or 500. from, 
being etched, under subsequent etching conditions (step S4, see FIG. j), when 
exposed portions of the substrate, 30 or 300, are subfseqviently etched in step S4. .; 
Under etching conditions, the bare, exposed substrate surface 40 or 400 (sec FIG. Ic 
or FIG. 3c/ respectively) is selectively etched while leaving the conformal layer 50 or^ 
500 and' the substrate directly underneath such conformal layer •essentially mtact. ' 

\" to form a non-conformardeposition layer or miilti-layer ( not 

shpvvh), for example, 50 and 500, as depicted in FIGS, 6b (noh-confgrmal deposition., 
on buttresses) and 5b (rion-confornial deposition on hole, trench pr via), r especuvely, 
an appropriate precursor gas is selected.. The non-conformal deposition jayecor 
'multi-layer (not shown), 50 or. 500 (see FIG.- 6c or FIG, 5c, respectively), thus forrfied, 
are selected so that they protect portions of the substrate, 30 or 300, directly 
-underneath layers 50 or 500, frbrri being etched, under subsequent etching conditions 
•(step S4, see FIG*.: 1): when exposed portions of;the substrate, 30, or 300, are \-[ 
■ subsequently etched' in step S4. Under etching conditions of step 84, the bare. ; 
exposed substrate surface 40 or. 400 (see FIG. 6c or FIG. 5c, respectively) is^^^^T " 
.selectively, etched while leaving the . non-conformal layer 50 or 500 and the substrate - 
directly underneath such non-conformal layer essentially intact. 

The deposition layer or multi-layer (not shown), . whether eonformaKot, n()t, is v 
deposited to protect the substraite directly underneath the deppsited layer or multi- 
layer (not shown) from being etched when the .unprotected substrate (i.e. that 'porii<>n 
of the substrate not covered by a^ deposited layer or multi-layer (hot shown), or a- 
; butti-ess) is etched- -iii subsequent step S4, Npn-conforrnal deposition of a sinLilc kiycr 
or multirlayer js achieved when 'the narrow conditions for conformal deposition arc r- 
not rriet. : Deposition layer material' which. etches at ^ rate much, faster than the 
etching rate of an exposed portion of the substrate wc^uld be unsuitable for use wuh 
the present inventive process. However, a -deposition: layer material which etches at a'. 
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' ( rate slower of even much slower than the etching fate of an e.xposed portion of the 

suhNii'aie is suitable tor use with the present inventive process. The variations in the., 
depth ot a trench or a hole etched into the substrate when there is a variation 
: - between the etching rate of the deposition layer material and. the etching rate of the 
' 5 • bare, unexposed substrate sections caii be described by referring to FIGS. 2x, 3x, 5x 

and 6x. Each of FIGS. 2x, 3x, 5x and 6x show two dimensions labeled h and hj. The 
symbol h refers to the origmal height of the vertical portion of the deposition layer SO 
or 500, whether conforrnai or not, before any etching during step S4 is done :to cut a 
' trench, hole, or via. into the exposed portidn of .the substrate. The depth of a sub-half 
TO rfiicrdn wide trench or hole etched during step S4 into the substrate is labeled hp 

During step S4, if the etching rate of the substrate is much greater than the etching ' 
- ; ^, / / rate of the deposition layer, then can be much greater than h. During step 84. if 
-\ .{ the etching rate of the substrate equals that of the. deposition layer, then at best 

; , . can be equal to h without increasing the width of the trench or diameter of the hole. ; 

V TS^ ,: . During step S4, if the etching rate of the substrate, is less. than that of the deposition ■; 
layer; then cannot be greater than h. . 

For example, if the substrate 30 is a semicoriductpr such as Si and.ahe / 
deposition layer 50 is Pt, the deposition layer of Pt etches much slower than does the . 
:. substtate cif Si under CBrFj reactive ion , etching in step S4/, However, if the , 
■ 20.. . depositidii layer is Al, then it etches much faster than a substrate 30 made 0f. tor ; J- 
\ N ; ; . exanlple, Pt, under Chldririe reactive idn etchinjg in. step 84.. . Additionally, if the ■ / 
. ■ . . deposition layer .50: is cdmjposed of Pt and the substrate composed. of /U. theh., undet 
' ' reactive !on etching with chlorine, the Pt deposition layer 50 will not. significantiv etch 
W ' : .while the AJ substrate 30 will be etched away by plasma etching with chlorine. I , A • 
• - ; ; : 25\ :, ' . FIG. 2x and FIG, 6x depict the etching away of the deposition layer.as well :as 

.< ■ the substrate while leaving the buttresses intact.' FIG. 2y and FIG. 6y depict ilje:>;result 

of havirig etched aiway all the deposition layer and then further etching into the : ; ' 
\ . substrate.. FIGi 2z, arid FIG. 6z depict a situation where the buttress and the -subsifate; 
; ■ ; ' ; • . is etched while leaving the deposition layer* intact, 

•' 30 ' : \ FIG. 3x and FIG. 5x depict the etching away of the deposition layer as wcf'll as . 
. . the substrate:. FIG. 3y and FIG. 5y depict the etching away of the substrate vvhile 

■\ , . ..'leaving the-deposition layer intact., FIG. 3z and FIG. Sz depict the result-of having . 
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etched away all the depositicm layer and then further etching into the substrate,. 

• Fi)! Jciiw.siur.u gcpoSiiivin liiyci; Junng stcp S2\ ;i prsrcui^v): ' - 

maicrial includcN n mciai ligaiiu complex, a metal hydride, a rneiai alkyl. j silane. v)r a 

• metal halide. Preterably, a yolatile meral-contaming precursor gas is selected from . 

/inorganic metal.coordination compounds or organometal.lic coordination- compounds, 
including metal carbonyis. Precursor gas iriqlecules advantageously contain ligands, 
e.g. PF3, surrounding a metal atom such as platinum (Ft), thereby forming a precursor 
gas, for example, Pt(PF3)4. Suitable metal precursors include metals coordinated to 

; trifluorpphosphene (i.e. PFsV pr to. carbonyl ligands (i.e. CO), or to alkyl ligands. Fpr 
example, such metaMigand cpmpgunds inclyde .Pt(PF3)4r NKPF^^r Pd(PF3)4, .Fe(PF3),, 

: W(PF3)„ Cr(PF3),, Mo(PF3)„ Cp(PF3),. Ru(PF3)5, Rh,(PF3)s, Rh(PF3)5;Re,(PF3),o. / • 
W^P^^h . Ni(CO),; Fe(CO), ; W(C^ Co2(CO)^ , Ru(CO), / ' 

Os(CO)5;(CH3 )2 AlH , triisobutyl alummum and (.trimethyivinylsilyl)hexafluoro- 
acetyiaceipnate. copper 1 and mixtures thereof. . ' 

During step S2, the deposition layer or multi-layer (nof shown)- 50 or 500 (see 
FIGS, 2b,,3b, 5b and 6b) may be formed by conformally or non-confprmally 
depositing any of the following suiiable; materials including a, metal, a semiconductor, 
or an insulaipr.. .Suitable seTpiconductors;for|depositipr][^ layers 50 and 500 include. . , 
Si, Gt? and GaAs. Precursor materials for depositing Si in layers 50 or 500 inclyde 
silanes. chlprosilaries and mixtures thereof. Precursor materials for depositing Ge in 

; layers 50 or 500 include GeH.. Precursor rnaterials for depositing GaAs layers 50 pr 

.500 include a mixture of an alkyl gallium and AsH^ or substituted arsines! ; 

Suitable insulators for deposition of layers 50 and 500. (see FIGS. 2b, 3b, 5b ' 
and 6b) include SiO^/Si^N^ and AJ2O3. Precursor materials for depositing SiO. m" ' 

"deposition layers. 50 pr 500 includes a mixture of a silane and an oxidant. Precursor " 
materials for depositing Si3N4 in layers 50 or 500 include a;silane and a. nitriding . 
compound such as ammonia,. pr a substituted- silane and a' nitriding compound, or a' - 
niixiure of silanes and a nitriding compound; or substituted iSilanes and a nitriding 

.compound. Precursor materials for depositing AJ.Oj. in layers 50 or 500 include an 
alkyr or substituted alkyl aluniinum and an oxidant. For deposition of insulators, tor 
example, SiO^. 5131^,, and Al-jO-. in deposition layers 50 or 500. a plasma chemical 
vapor deposition technique .is;p^^ - /• 
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With regard to the deposition of rrieial in deposition layer 50 (FIGS, 2b and 
6b) or deposition layer 500 (FIGS; 3b and 5b) The 'deposition is preferably performed 
in a high vacuum reactor or an^ltra high vacuum reactor 7000, depicted in FIG. 4. 
under, for .example, very low metal coniaining precursor and carrier gas pressure 
conditions, unlike those in conventional CVD reactors. Nevekheless, in some 
circumstances, pressures up to about 1 atni (about 760 Torr) or less may also be 
suitable for carrying out the layer deposition (conformal or horl-conformal. deposition) 
step of the presently claimed inventive process. 

; Referring to FIG; 4, ain. exemjDlary vacuum feactof 7000 is shown compri^ihg a 
vacuum chamber 102 coiitaiiiing a purrip 104 vented to the outside, a manipulator 106 
for positioning and supporting substrate 30 (FIGS. 2a and 6a) or 300 (FIGS. 3a and 
5b), a temperature sensor 108 for sensing the temperature of the substrate 30 or 300 

• arid a doser 110. Doser 110 is conneicted to carrier gas source 112 arid precursor gas 
source 114 via metering vailves or flow Gontrollefs 116 and 118, respectively. 
Preferably, the diameter of doser 110 is substantially equal to the diameter of the 
Work piede, i.e. substrate 30 or 300.- An ion. gun 124 can be installed on the same : . . 
chamber for . sputterirlg arid ibh-assisted etching. A cpnVentiorial ionization gauge 120 
ii cbnrietfed to ehambef 102 for rneasuriiig the partial pressures of the precursor and 
carrier gases. Mahipulatof 106' advantageousjy includes a coriventiorial resistive heater 
122 for coritrollirig the temperature of substrate 30 or 300:' Manipulator 106 mav be . 
rotated along its long, axis such that the substrate 30 or 300 can be oriented towards ; 
the ion gun 124. Preferably, pump 104 is a conventional cryo-trapped diffusion pump 
or a turbo-molecular pump. : : ■ ' . " . " ' . , : . \ 

: , During step S2 (seie FIG. 1), for example, a volatile inetal-coritaining precursX)^ 
gas and carrier; gas from doser 110 effusively flow onto substrate 30 or 300 at flow 
rate^ metered by valves or flow controllers 116 arid 118,.respeGtiveiy, while pump 104 
maintains chanibef i02 at a predetermined partial pressure. , It will be ^ appreciated ^ 
that the use of volatile metal-coriiainirig preciirsor gases advarit^geoiisly provide a . 
highly uiiiforiri film/subject. to limitations froiti nucleation and grovvth characteristics • 
inherent- to the particular- metal-substrate system, due to the enhanced' ability of a • 

■precursor gas to diffuse and scatter, on the surfaces 10, 20 and 40 in FIG. 2a and on 
surfaces 200, 400 and 1000 in. FIG. 3a of the substrate 30 and 300, respeciively. h will 
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be further appreciated that carefuj selection otV fgr example, a volatile rnetaN 
containing prc:curst)r gas and cunirul ot the Gnvirunment in the vacuum idactor 7000 
(;^see FIG. 4) are. required .to fabricate the uniform (i.e. conforrnal) deposition layers 
/ 50 , and 500 (se:e FIGS. 2b and 3b. respectively) in both the vertical and horizontal 
• 5 . ' orientation with respect to the substrate surface 20 or 200, respectively. 

. - Suiiabie; earner gases include the gases heliurn (He), neon (Ne j, argon (.\r). 
. • ■ loypron (Kr), xenon (Xe), hydrogen (Hj, nitrogen (N,) f^pd mixtures thereof. / 

Hyolrogen prevents oxidation and removes surface oxidation at the siibstrate surface/ 
.J . Preferably^ the carrier ga^^ v; ^ « v . \ 

[' 10 , The total, pressure of the carrier and precursor gases .is typically less than about 

: : .:760 Torr, preferably less . than 100 Torr,. more preferably less than T Torr and most . ; 
. .^preferably less than 10'^ Torr. The partial pressure of the precursor gas is typically: ; 
^ •/ . less than or equaKto 50% of the total, pressure, preferably less. than or equal to 35%^ 
"■■ " ' of; the' total pressure, more preferably less than or equal to 2G%"pf the. total pressure 
.; ^ 15. . . '. and most preferably.less than or equal to 10% of the total: pressure of the carrier and 
■• 'precursor gases./-/". ' ' ,• , 

: During step S2 (see FIG. 1), substrate 30^.or 300 is maintained at a ■ 
pfedetermined temperature using sensor 108 and heater 122. : For example.^. .. - ^ ^ 
deposition of a metallic layer 50 or 500 on substrate 30 or 300, respectively, and on > 
. 20 ^ buttresi lOO is a thermal decomposition process employing effusive molecular beam- 
- , - -conditions. Therefore, deposition, of a metallic layer. 50 or 500- on substrate 30 or 300; 

- . ; ■ is dependent on the partial pressure ;'of. the -precursor and carrier gasesi'as well.a.s-.on . * 
: / ■ the- temperature of the substrate 30:or 300. ^ /; 

' V: ' The substrate 30 . o maintained at a temperature sufficient for the ' 

.25 / deposition. of a conformal layer .50 or 500 on substrate 30 or 300 and on^. buttress 100; : 
/ ■ • ■ ^ ■ if any,:as depicted in FIGS. 2b and 3b. For example, the deposition rate. of layei- 50 
; . or 500 is controlled by the substrate temperature. . For Pt; temperatures below about 
.v230: -C; result in.a deposition rate too low for iCffective processing," .Temperatures* • ; 
■ ** . : ^ Jabove about: 300?G prod but also result in .the formation of-.. 

/ :30 V silicides in layers 50 or 500 . The silicides are .prgduced\by rea^^^ for example. 

* . the precursor meta! with, for example, the silicon in substrates 30 or 30.0 at the 

.r.cpntacting surfaces 40, 200; 400, and! 10.00. : Platinum silicide forrriation is suppr^^ 
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. by selecting a processing temperariire below about SOO^C When met^) silicide 
formatidri is allowable, highdf substrate lerhperatufes can be used. In general, for • 
deposition ot meiallic layers 50 or 500. typically the substrate temperature is 
' maintained between about 150°C to about 8{)0°C preterabiy between about 200X to 
. about 650''C, more preferably between about 230°C 
preferably between ^bbut 270°C to about 300°C. - ' . 

The fesiilting structures are shown iii FIGS. 2b arid 3b wherein riietal layers 50 
and 500, respectively,, have been conformally deposited on the substrate. The critical 
step in forfning sub-half^niicron trenches, vias, or holes is- the fdrmatibn.of layers 50 pf 
500 of thickness equal tb:70 of 700, respectively^ If one begins with ari infef buttress . 
distance of 9^0;' as depicted in FIG. 2a, or a trench width (or hole diafneief or via : 
diarnet^r) 900. as depicted- in FIG. 3a, of between about- 1.0 ./im to about 0.5 /im, and^ 
forms a 'Gonformal layer 50 or 500 on the exposed layers of the substrate and buttress, 
if any, then one reduces the interbuttress-width 90 by twice the layer width (2 x 70) . 
and the trench width 900 by rsvice the layer width (2 x 7 A . suitable Gonfbrmal : - 
layer width 70 or 700 is selected such;that the new interbuttre^^^ x 76)]\ 

. of th6 trench width [900 - (2 x 700)] is onvthe.ordef of about 0.5 jixm to aboiit 0.03,/ 
./iifi. respectively." ' . " . 

DuHrig step S3, the portion ofthe cdiifofhial layer 500 of! the horizontal 
surfaces. 20 and 40 of the substrate SO,: as depicted' iri^ 2b aiid on the horizontal .: ; 
surfaces 200; andV400; of substrate 300, as depietediifi FIG. 3b, is removed; The ^ v 
removarof the confbffnal layer frorn the hohzbnial: surfaces, is accomplished by ; / 
conventional- anisotropiG or dircGtionai etching methods, i.e. directional ion. beam,, : 
;spuitering- or RIE;:,thereby producing the structure' shown in FIGS. 2c and 3c. -' 
Because layer 50 is conformally de^^^^ the femdval of such layer from the 
.horizontal surfaces ensures that when .the buttress surface. 20 is exposed the substrate ' 
surface 40; is also exposed, as depicted iri FIG: 2c.; Likewise, because layef 500 is ; 
conformally deposited, the removal of such layer ffofn the horizontal, suffaces ensures, 
that when the substrate surface 200 is exposed the substrate surface 400 is also- 
exposed, as depicted in FIG. 3c. Further, since anisotropic or directionar. etching / 
-methods af caused, the contbrntial layers SO-and. 500, depicted in H and 3c 

respectively, remain intact and in: contact with the buttress vertical surfaces 10 \\' r, \ 
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' depicted in. FIG. 2c and trench vertical surfaces 1000 depicted in FIG. 3c. The 
presence ot the intact cpntornia Mayers in contact v^nth the vertical surtaces reduces 
the iiucrh^iirc>> aiNUinVc truin 90, dcpicicd in FIG. 2a. to 80, dcpiciGO iii FIG. 2c. 
The gap. shown as 80 is equal iq the interbuttress distance shown as. 90 niinus twice 
the thickness shown as 70 of the conformal layer 50 (see FIG; 2c and 2d). Similarly, 
•the presence of the intact. conformal layers in contact' with the vertical surfaces 
. reduces the trench width, (via diameter or hole diameter) from 900, depicted in FIG. 
.3a, to 800, depicted in FIG. 3c. The gap shown as 800 is equal to the trench width^ 
(via diameter or hole diameter) distance shown as 900 minus twice the thickness . 
shown as 700 of the conformal layer 500 (see FIG. 3c and 3d). 

■ ' With the conformal deposition p 
thickness shown as 70 or 700- respectively, is conformally deposited on the substrate. 
30 or 300,; respectively. The original inierbuttress distance shown/as 90 is reduced by 
twice the deposition layer thickness shown as 70 and the original trench width ( hole . 
diameter or vi^ diameter): shovCai as 900 is reduced by twice the deposition .layer . 
-thickness shown as 700. In both cases, the resulting gap shown as 80 or 800 is equal 
to the narrowest width left open between the nearest adjacent vertical portions t)f the 
deposition layer 50 or 500. (see FIGS. 2c and 3c), respectively. The subsequent, 
trench, hole or via etched 'during step S4 into the substrate (see change from FIG. 2c 
to FIG. 2d-fgr conformal deposition layer on buttresses; and see change from FIG. 3c 
to FIG. 3d-'for conformal deposition layer on trenches, holes or vias) has a width. or 
diameter, respectively, equal to the narrowest gap opening shown as 80 . or 800 ; 
•depicted in FIGS. 2c and 3c, respectively. ; : . ..^ : . . . . , : . 

Likewise, with non-conformal deposition; while the deposition layer SO or 500 
(see FIGS, 5b, So, 6b, and 6c) does not have a uniform thickness as with the 
conforinal deposition, the subsequent trench (hole or via) etched into the subsiniic . 
during step S4 (see change frgm FIG.' 6c to FIG. 6d-for" non-conformal deppsitit^n- . 
layer on buttresses: and see change from FIG. 5c to FIG. 5d-fbr' non-conformal 
deposition layer on trenches, holes or vias ) has a width (or diameter) equal to the .. 
narrowest gap opening shown as SOOa -i see FIG. 5c) or 80a (see FIG: 6c) berwcch the 
nearest adjacent vertical portions of the' non-conformal. deposition layer 50 or. 500: • 
respectively, present at the end of step -,83: . <■ - *• - i ■ 
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During Step S4. the Gfiiical factor is to etch away the exposed substrate while " 
'icaviniji ihc uriexpDbfed .substraie puruuri directly below the deposition layer (or muiii- 
layer^-noi shown), whether contorrtially of rion-conformallv deposiied^. and buttresses; 
if any, intact -and protected fforn being etched. Step S4 is carried out by any one of 
several anisotropic etching techniques including idn beam assisted eichingv reaction : 
ion etchirie arid wet etching, of single crystal silicon oh surfaces haviim a crvsral ' . 
orientation of 110: " - ' 

During step Sa, the critical factor is removing the deposition layer (or multi- - 
layer), whether conformally or non-conformally deposited, and buttresses, if any, from ■ 
the substrate without significantly altering the width or diameter of trenches " holes or 
vias etched into the substrate during step S4. With removable templates held on. with 
glue (not shdNyn).or microclips (not shown), their removal involves removing the 
. riiicroclips, and lifting off Jhe . template (see FIGS. 7a, 7^, 8a, 8b,. 9, and 10) from thc^ 
^iurfaces 40 or 400 of the substrate (see, for . example, FIGS.. 2d, 3d,. 5d, and 6d ) :;' ' 
Just pulling. off the removable templates held on With a -minihium aimbunt of glue ( not. ■ 
shown), , in the ciase of fixed buttresses, removal of the buttresses, if any,, is / J- i : / 
accdihplished by the use of various etching .techniques which are dependent on .the, 
: composition Of the substrate and the buttress material, > Some examples . of various 
etching techniqueis appropriate for a variety of substrates and buttress materials are , ; - 
given in the table beldw:: ^ . , ; : . \. , ; 



Substrate Vlaterial Buttress iVlatenai Method of £tching<t4» he used (iiirini' 

./ ■ Step.S5- ■■ . ■■ ' , 

' SiOi- ; . ■ . ' ... 'Si ••■ : - ; . ' - • ; . . Use RjE with GBrF^ ctchani cVs;.';.- , 

■'. "... ' whjch does nor atiack SiOv ' ' 

..' " V .. * ; ^'^2 " : . Use RIE with CF^H ctchahl uas .'^ 

,. ' . ; - . which does not attack Si ; v 

• " ■ Si .. ' * , . ' ■' .poiyimides \: . Use oxygen plasma whicr. attacks " 

.. "^V, . . .-^ poiyimides without aitackinii'Sr^^ . , • 

. Si . • • / phoioresisis ■ Use solvent such as acetone u) ';\ . 

. . ■■ ■ • ■ . - dissolve phoiGresisis or u.Nc oxyucn 

' - - • '. • • ' ' ". ' ' plasma which auacks phoiorcsisis-... . 

■: • " " Si ." ■ ■ ' . . • '■■ . " . u lasses . • ■ • •• ■ Use' HF solutions i6 Uissolvc'^iiusscs 

Si ' " - noh-ulass. metai oxides Use HP solutions " . . .V .■ 



\VO?5/0«840 



PCJ/VS94/Q6859 



To remove a left-over deposition layer gr'a multi-layer (not shown), removal is 
accompiished by the u^e ot various eichinu techniques which are dependent on the 
compusition: of the substrate and the deposition layer or multi-layer 'material: Some 
examples of various etching techniques appropriate for a variety pf substrates and . 
5 : depositipri layer or muitirlayer material are giveii in the. table below:-: 



Substrate Material . Layer or MuUi-layer Method of Etching to be used during 

/Material - • , }. Step SS' 

. :-*Si02* ' ' Si;. • . Use RIE with CBrF3 eichani gas. 

.i V . ' .. ^ /which does not attack SiO- ' 

Si; . . !l SiO; • Use RIE with CF3H etchant gas 

_ which does not attack Si 

Si : ' rnetalDxides' ..^7^ Use HF solutions 

i .Si, i . ' • : metals Use concentrated'acids such as a 

• ■• , r ' V ■ ■ /. ^ mixture of H^SO^/H.O. of by: ./ ' 

. ' - : \ ■ y ■■ . , -' ■ ; volume where the H^O^ 15 a'309^? • 

■ ' ' . • ■ solution and the H-vSO^ IS ' 

■ . . - : ; " ' . . ./ V , conceniraied H2SO4; Use other ' , 

: ■ V. concentrated acids such as HF. HCl, 

■■-'>.•■■;• . ;V vHNOj and H.SO4; ...... 

. Si" ;. ^: ■ Pv ^ - ■ Aquarregia V ■/ ' .•,■\:■.;■• 



Optional Step S6,. is carried out in a manner similar or identical tb step S4 
wherein the /substrate is etched/;/ ■ ': > " /V. V - .• - 

la; '^^ EXAMPLE 1': -V. . 7 

; ! ' The .starting trench structures, were fabricated out of Cit)a Geig\''s probimide , 
. •/ ; 285," (a polyimide resist maierial)/on top of a silicon (100) substrate, by- using " ':' 
standard photolithograpy and. reactive ion etching, The polyimide structures were 
arrays 5mm long, one micron tall, 0.6 micron wide, spaced 0.6 micron apart. The 
•15 sidewalls! were vertical with respect to .the silicon substrate; 'Thus,, the bottonris of the 
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tfeifiGh stfuGtures consists of bare silicon surface and the raised portions consist of the 
polyimidc. The 0J8 fnit) thick wafers, patterned with the polyimide irench srfuciure^. 
" were scribed and cleaved into 1 x 1 cm samples for use in the experiments^. The native 
silicon dioxide was removed by dipping the sample in 10% buffered HF and'rmsing it 
5 in triply-distilled water, ijfnmediately before mounting it on a resistive heater attached 
to a nianipulaior and pufnping down to high vacuum. The vacuum chamber used in 
this work, pumped by a 6-*in„ liquid nitfogen-trapjjed, diffusion pump, had a base 
pressure of 3 x 10'* Torn The sarnple ternpefature was monitored by a Pt-10% Pt/Rh 
thermocouple pressed against the sample front surface. 
10 In the preferred embodiment, the sample>as heated to 300^ C at fate of ' 

approximately 10. degrees/niin. After stabilizing the temperature at 300*' C the sample 
' J .'was moved to within 3 mm from arid normal to the end of a 12 mm-diam doser tube ; 

; to begin deposition. Ultrahigh purity hydrogen, ai a pressure of 2.0 x 10"^ Tofr. was ... 
• continuously flowed onto the substrate. The Ft precursor gas, Pt(PF3)4 (Strein ' 

15 . . .Chernical), controlled by a needle, valve, was mixed downstream with the hydrogen gas. 

:'in the doser, tube, until the totar pressure reaches ^ 2.3: x 10'^; Torn After 40 minutes of • ■ 
■: . deposition time, the Pt(PF3)4 was shut off. At this point all the surfaces oil the sample ' 
' ■■■ .;yNtxt coated with a thick Pt film. Then the sample was cooled slowly-to room 
;^ ■ ■ temperature at a rate of approximately lO degrees/miii, at . which the hydrogeh gas vVas :- 
^20- ■ .. shut off. The sample was theri manipulated; into a ■positidh with jts surface rid™ ^ 
::, • t^^^^^^ axis of a Perkm^Elrner sputtering. ion gun. -With a steady-state flow.of .Ne; a^^^ 
a- chamber pressure of 1.6 x 10'^' Torn a, 2.0 keV'Ne ion beam with a bearn diameter v 
. ■;-\of'3-5 rnm at a beam currem of- 18- microampere sputter-removed- the. Pt film: tFOin the 
•:; -horizontal, surfaces of the- trench structures (bdttorhs and tops). The sputierifig step/ . 
25: • ' took approximately 90. minutes, andr was visually monitored: by^ the appearance of a ' 
dark spot from the .underlying substrate. At this point rhe ion energy was lowered to 
500 eV and 2.x lO ' .Tdrf XeFj gas was concurrently flowed onto . the same spot with 
V \ the use of a 3.2 nim diam stainless .^steel doser tube. The resulting ariisdtrdpic jon . 
; beam-assisted etching, normal to the subs^ removed the exposed silicon from the 
30 bottom of the. new trench structure- without appreciably removing the Pt vertical . 

. ;Sidewall and the. polyimide structures. This etching step was terminated after 6U 
; . . minutes. The saniple was renidved and crdss-seciioned for analysis by scanning v • 
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elecirgn microscopy vvhich showed that the new trenches in the silicon substrate were 
.UhuL:i u.(M liiiVion wrJc .tiivj tJ.o inic;v)ii Jeep. buMiic silicon ircnchcs were lounJ he 
. as narrow as.-O.U? rnicrcm. . - ^ ,. . • 

\ To remove the "fixed" pplyimide buttress structures with attached Pt deposition 
layer left on the substrate after the etching process, oxygen plasma (in plasma 
reactor for about V: hour) was used to remove the polyimide and hot (about lOO'^C) 
aqua regia acid (a mixture, of HCI and HNO3) was used for one hour to remove the 
Pt sidewalk (i.e. Pt depo5ition; layer formerly attached, to. essentially .vertical surfaces 
of buttresses). In soiiie cases, fixed buttresses and the attached sidewalls can be; lifted 
off of the substrate, using adhesive tape., V ; ^ : ^ ^ \ ; • 

:^..v' .EXAMPLE;2 -.. ••^;•;v^^. : 

la a second embodirnent, the sample was heated to 298^ C at a rate of 
approximately 10 degrees/min. After stabilizing the temperature at 298° C. the sample 
was moved to 3. mm from and normal to the end of a 12 mm-diam doser tube. "2 x JO; 
:*^ Torr of Pt(PF3)4'and 2.0 x.lQ v\Torr of hydrogen, each- controlled by a needle valve, 
were mixed in the. dosmg tube and continuously flowed, onto the substrate. Aher 30 
minutes of deposition tinie, the Pt^PFj)^ gas was shut off, and the sample was cooled 
slowly to room temperature, at a rate, of approximately 310 degrees/min, at which, the. , 
.hydrogen gas was shut off. The sample \Yas then ^manipulated into a position with its . 
surface normal to ■ the beam axis of a PerkinrElmer sputtering ion gun. With- a steady- 
state flow, of N'e at a chamber pressure, of 1.6 x 10"^ Torn a 1,0: keV Ne ion beam with 
a beam .diameter of. 3o rhm at a beam current of 14 microampere, sputter-removed. , 
the Pt film from the horizontal surfaces of the trench structures. The- sputtering step • 
took approxihnately 120 minutes and was visually monitored bv the appearance of a ^ ' 
dark spot from the underlying substrate! At this, point the ion. beam energy was. .•. v ; - 
lowered to 500 eV and 1. x 10 ■ "Torr--XeF. gas is concurrently flowed onto the same . ,; 
spot with the , u$e of. a 3.2 mm diam stainless steel doser tube. The resulting 
■anisotropic ion: beam-assisted etching, normal to the substrate, removed the e.xpose^ 
silicon from.the-bpttom-of the new^ trench structures without appreciably. removing the 
Pt vertical sidewailand the polyimide structures. This etching step was terminated ■ * 
after 20 minutes. Subsequent scanning eiectrpn microscopy analysis showed that' the' ' 
new treriche$. in the silicon substrate.were about 0:3 micron wide and OJ, micron deep. 
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EXAMPLE 3 

• In a third embodimcni. tivc: aliernaiing layers ot platinum and cobali were 
used, instead of the previous single thick layer of Pt. The sample was heated to 295X 
ar a rate of approximately 10 degrees/mih. After stabilizing the ternperarure at IPS^'C 
the sample was. positioned to within 3 mm from and horrhal to the end of a 12 mrn 

. dianietef doser tube. 1 x 10*^ tdrr of Pt(PF3)4 and 2 x 10"^ Tbrr of each controlled 
by a needle valvCj were mixed in the dosing tube and continuously flowed onto the . 
substrate. After 20 minutes of deposition tiihe, the Pt(PF3)4 was shut off while the . 
same flow of Hv continued. Then,: 3 x 10'^ Tbrf of Cd2(CO)8, controlled by a third 
needle valve, was mixed in the dbsiiag tube \vith the and continuously flowed onto 
the substrate. After 15 minutes of deposition- time, the Go2(CO)8'was shut off. Next, . 
the same procedure for Pt(PF3)4 dosing ( at 1 x lO''"^ Torr and for 20 minutes), was 
repeated.. This is followed by the same procedure for Co2(GO)s .dosing as before. ; 
After the Co deposition,, the Pt deposition step is repeated once rnore. The final ■ 
metallic coating cohsisted^ of Alternating P't/Co/Pt/Co/Pt. layers. After the final Pt layer, 
was. deposited, the' sample was cooled down to robin ternperature at ah. approximate 
rate of 10 degrees/min. At this stage, scanning elisctfon microscopy arialysiiJ.of the top 

■ view bf the sample showed that the gap wid 80a of the trenches had narrowed to 
about 0.1 micron. The saifriple was then placed ifr^. sputtering Chamber and rtioved 
into a position with its. surface normal to the beam axis of a Perkin-Elmer sputterinu 
ion gun- With. a steady-state flow of Ne at a'chartiber pressure of 1.5 x .'iO;^^ 
keV Ne ion beam with a beam diarrietef of 3-5 mm at a beam current of US . 
microarfiperes sputter-removed the layered rnetal coating from, the hofizonial surtaces - 
bf the trench- structures. The sputtering step took, approximateiy, 200 minutes. At jhis . 
point the ioii beaiti energy was lowered to 50D eV and f .4 xTO'^ Torr of XcF. was,.; 
concurrently flowed onto the same fegiori,On the sample with the use of a 5.2 mm :^ : 
diameter stainless, steel doser tube,- for 18.5 rtiinuies. Subsequent scanfiirig electron 

.niicroscopy (SEM) -aria^^^^^ showed that the hew trenches etched in the: silicon ■■ . - . . : 
substrate were about 0.1 micron wide and 0.5 micron deep. Moreover, SEM also - ■ 
revealed that the'metal.itiulii-layer was non-conformal- and had. ah 'bve^^ that,, 
nfiade the gap width at the top of the trench less than the gap width near. the h(ntom 
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of the- trench. (See, for example. PIG. 6b). Energy dispersive Xrray analysis revealed 
chLii the overall cDmpositiun ot- the meiai CDiJiing was approximaieK 55^r C\).and 45': 

-.^v" -EXAMPLE 4 '■ « > 
:■' |5 : The fourth embodiment involves the use of "removable" template structures, in 

vcontrasi to the previously used "fixed" structures. Fabricate the biiiiress. structures out 
of a thin silicon membrane (or a mernbrane of some other etchable material). Use / ; 
conventional photglithography to lay down a mask pattern. Pirectionally etch through , 
^ ^ the unprotected areas of the membrane. The etched-thrpugh areas constitute the 
' ; ' 10 V' openings of the buttress structures. . ^ ' ; • ■ ; ; 

• - Physically attach the "removable" buttress pattern to an essentia^lly flat substrate:; 
'• . using, for example, silver paint^or microclips. Attach the substrate to the heater in , Wr^:;,^^ 
; the deposition chamber (see FIG. 4). Use the same ^^^po^mon procedures described in / r ' : 
. the previous embodiments to deposit a deposition layer which narrows the opening ; ' , 
• ;M5 , dimensions to the desired sub-half micron sizes. Thereafter, carefully remove the 

; ' resulting template structure from the substrate. ' Physicaily place the template on top v- . 
of anyvnew substrate on which trenches, holes, or vias of sub--half micron dimensions^'. 
• .. are to be etched. Etch the substrate using ^//y directional etching such as RIE that will - ' 

; r ' selectively etch the exposed portioris of the. new substrate: without etching the: X^: ^- '"^: 

; 20". ':. -unexposed portions of the substrate covered by the template wherein the exposed 

% ■ ; .portions of the substrate lie within the sub-half micron openings contained iajhe.--;: -r'.'-' ': 'y: -^ 
■ -■vv': ■" . ' '^t^nipiaie. . " •' /.'■ ' *' ■■ •■ ' ■ ■ . ^ - ' V . ■■; -i"--: \ 

' ]y • "V . • EXAMPLE 5 ' :,-._' . "/ - - y^r,}--^^^ 

■ . . . ^ ' " ^ ' . . Fabricate the buttress 'structures out of micro-channel glass. Micro-channel glas.s;is ^'.J ' : 
/ *25 ; ^ .made of mixtures of largely oxide materials, containing a large, portion of SiO^. y£ut : - . , 
- the channel glass .inio thin parallel plate form, which contains openings, with largely 
- ; circular cross-sections running from one surfaceof the plate 'through to the other ^ -\'. 
; . surface in a direction perpendicular to the.surfaces. The opening diameters can range-'. 

V. v"; . from many niicrons'io less- than\0.1 micron. Use rnicro-charinel plates, having ' j j 

30 . . diameters of 1 micron or less. If necessary, thin the channel glass plate by a variety of. 
means such as chemical-mechanical polishing, reactive. ion etchirig, or ion bt:am 
.: V / :; : ^ - \y / , .-sputtering. If necessary, support to the channeK glass platcvby attaching a thicker o^^'■'; * 
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stronijer support marerial. Attach the removable channel glass patiern to a flat 
.sLin.NUiiic uMfiLi, cx;ini[)lcr. mKct paJiii or micrt)clip.s. • . 

Attach the subsiraic to the heater in the deposition chamber (see FIG. 4). 
Use the same deposition procedures described in the previous efnbodimehis to 
5 ^ deposit a deposition layer which narrows the opening dimensions to the desired sub- 
half micron sizes. Thereafter, carefully remove the resulting channel glass template 
structure from the substrate/ Physically place the ehanhel glass template dh top of 
" any new substrate on which trenches, holes, or vias of sub^haif mieroh dimensions are 
to be etched. Etch the substrate using d/y directional etching such as RIE that will 
10 ' . ^selectively etch the exposed portions of the new substrate without etchirlg the 

unexposed portions of the substrate covered by the- channel glass template wherein' 
i . ■ the exposed portions of the substrate lie within the sub-half micron openings • ^ 
contained in the channel glass template. . , • , . 



15: 
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• .CLAIMS. . .. 

VVhai is ciaimcd is:' ' . • ♦ . . 

1» A method tor lanncaiing subrHalt-micron width trenches or holes or vias on a 
substrate, epmprising the steps ot: .. • , • 

' -. providing a. substrate, said. substrate having, on a first horizontal 
. / surface thereof, at least two buttresses,: said buttresses having essentially 
horizontal and essentially vertical surfaces, an in 
less than or equal to about 1.0 /zm existing between said essentially 
vertical surfaces of said buttresses; : 

depositing a layer formed by decomposition of .a precursor ga3 in 
\ ' the presence of a carrier gas onto said essentially horizontal -and 

. • ' essentially vertical surfaces of said buttresses and on said first horizontal 
. surface of isaid substrate: , . \ . ; 

• V : removing said layer from. said horizontaf surface of said 

. : ■ . ■ ' buttresses and said^^^ft^^^ horizontal siirface of said substrate, thereby 

exposing sub-half micron width sections of said first horizontal surface . of 
said substrate between said vertical surfaces of said' buttresses coi^ited 
/ \ with said layer: and\ V ,* .- . s 

. / . V etching said' exposed sub-half micron width sections of said first . 
- ,V . horizontal surface. of said substrate to form holes; trenches or, vias of ' • 

• ' . . sub-half micron width in said first horizontal surface of said 'substrate;^ - 
; • • - . - . - said precursor "gas being. selected from the group consistingvof . 

, ' organometallics. .metal carbonyls. silanes,, volatile metal hydrides, volatile 
' ' . " metal halides and a metal coordination compound consisting ess'eniiaH 
\V , ; ■■ ' ' of PF5 ligands coo'rdinated with' . . ' / ' . ■ 

2: The method of claim L^wherein said substrate comprises^a metal, a - 
semiconductor material or an insulator material. ' ' .* 
3. . The method -gf claim L'where first .hprizontal surface of said substrate, is- 

selected from' the group consisting of Si,.Si02, GaAs. and mixtures thereof/ 
6. ' The method of claim I: wherein said metal containing precursor gas is selected 
from the group consisiint,^ of Pt(PF.), . Nif PFO, . Pd( PF3), , Fe(PF,), , W(PF;>), . 
Cr(PF3),;, N4o(PF3),vC6(PF,),^ 



Fe(CO). : W(CO),. Cr(CO);. MofGO):, Co.fCO),: Ru(CO), , Os(GO)<, (CH, ,): .^H 
triisooutvi aiummani and ( u'lmethylvunylsilyl ihdxafluuro-acetylaceionaic: coppcfr 1 and . 
mixtures ihereut, • ' . . 

7. • The method of claim L wherein said carrier gas is selected .from the group 
consisting of .H^, N-,. He. Ne, Ar, Kr, Xe and mmures thereof. , 

8. * The method of claim 1; wherein said pfeGursdr gas aiid said carrier gas have a . 
cbmbined total pressure sufficient for conforrnal deposition of said layer.. 

'9, The method of claim h wherein. said precursor gas and said carrier gas have a . 
cdmifained total pressure sufficient for .nomcbnformal deposition of said layer. 
TO: / ' The method of claim 1, wherein said precursor gas and said carrier gais have a 
total pressure .of less than or^ equal to about . 760 To : " 

l i; The method of claim 1, wherein said precursor gas arid kaid barrier gais have a 
total pressure of less than or equal to. about 100 Torr, 

12, nThe method of claim i; wherein said precursor gas and said carrier gas have ^a 
total pressure of less than or equal tp: about.;! Torf./ . 

:13. ; / The method of claim 1^ wherein said precursor gas and said , carrier .gas have a V 
total pressure- of less' ^ . ' ' . 

14. .V '; The niethod of claim. 8, wherein said precursor gas has a partial pressure of. 
lesis than, or equal to 50% of said total ^ / 
15/* : The method of claini 8^ wherein said precursor g^^ has a partial pressure of: 
less than 6r equal. to 35% of said total pressure. [ ; ' - S./:y<-..; 

16. The "method of clairn 8v wherein said precursoir. gas has a partial pressure ot^ ^ 
less' than or equal to '20% of said total pressure*; ■ r- 

llv The method of claim 8, wherein said precursor gas has' a partial pressure of . 
less" than or equal to 10% of said total pressure, • ' , . . ^ 

18. ' .'The method of claim 12, wherein said precursor gas has a partial pressure of - 
less thari: or equal to 10% of said total pressure. , - i 

19. ; The: method of claim L wherein;said depositing step further comprises the step 
of maimainihg said substrate at a temperatiire sufficient for the conforrnal deposition . 
of said iayer.dri said buttress vertical and . horizontal $urfaces and orl said exposed, 
sectioris^of said first horizontal surface of said substrate located between said - :" ■ 
buttresses:- 
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20. The meihod or . claim 1. wherein said depositing step further comprises the sief 
or rnaintaining said subsrratcr at a le rnpcraiure sufficiem tor the ngn-conrormal 
depositign gt said layer t)n said buttress vertical and horizontal surtaces-and on said 
exposed sections of said first horizontal surface of said substrate located between said 
buttresses."- ■ - ^' '. _ : ' 

21: The method of claim . L wherein said depositing step further comprises the step 
of rnairiiaijiing said subsirate at a- temperature from about 150 °C to about SOO ""C. " 
22. The meihod of claim I,, wherein said deposiiing step further. comprises the step 
of maintaining said substrate at. a temperature from about 200 to about 650 ''C. 
.23- . The method.of claim I, wherein said depositing step further corriprises the step 
of maintaining. said substrate at: a temperature from about 230,°^ to about 350 °C, 
24/ .' : The' method of. claim tr* wherein,.said depositmg step, further comprises the step 
of maintaining said substrate at a. temperature from about 270 °C to. about 300 'C. ■ [ 
• 25.; The method of claim 1. wherein said depositmg step.further comprises the sicp 
of depositing said layer by chemical vapor deposition. r " " : ' 

26. \-\ The rnethgd of claim 25, wherein said chemical vapor deposition is selected . 
from the group consisting of low presisure chemicaryapgr deposition/, plasma chemical 
vapor deposition, and cheitjicaj beam. deposition. J ■ . ' / ' 

27. 'The method of claim 25, wherein said chemicaf vapor deposition further 
comprises organometallic chemical vapor deposition, • : * . ' , 

28. : j/-^he method of claim 25: wherejn said chemical: vapor depositign further 
comprises thermal chemical^vapor deposition/ ■ ; . , - 
29,, The method of claim L wherein said, depositing step further comprises the step 
of' dfeposi ting 'sai'd ' Jayer - as a;' sihgle layer- comprising ,a^ single component. • '* " 

30,: - The method of claim 1' wherein said depositing step- further cgmpnses the sicp, 
of depqsiting said layer as a, muki-layer comprising/ai least two layers selecie J t rcmi \ 
the group consisting of a metaL a serniconductor, an insulator and mixtures thereof. ■ 
A method forTabricating sub-half-micron width. trenches, hojespr'v^ oaa:,. * 
substrate, comprising the steps of: : . ■ . \ . V ' ,; 

providing a substrate, said substrate: having a first horizontal surface: : ' 
attaching a removable temniacc. defining sub-half micron openings lincd u jfh .r 
deposition layer material therein, to said first hgrizontal surface gf said^substraie: 



etching said first horizontal surtace through said openings of said lefriplaie lo 
iDrni holds. ir<^nchcs or \ias. of sub.-haif micron width in said first hui izoniai suriuccr 
of said substrate: and 

lifting off said removable template leaving mtact said substrate contaming said 
trencheS; holes of vias of sub-half micron width. 

32. The method of claim 31 wherein said attaching step further comprises the step 
-■'pf using rriicroclips to attach' said removable template to said first horizontal siirface' . 

of said substrate. ' ' v ^. ■ 

33. . The method of oiairri 31 wherein said attaching step further comprises the iitep 
of using anv^ffeetive amount of silver paint aS ia glue to attach said feitidvable . ■ ; 
leiriplate to said first horizdrital siirface* of said substrate. ■^ . - j 

, 34:,: V iThe method of claim 31- vvhefeiri said , rei^ is further -comprised 

of buttress iDSterial selected from the group consisting of Si,- S1O2, pdlvimides, 
photoresists/.ndn-glass metal; oxides and. mixtures thereof and said.. deposition jayer ;. 
material, selected from the group consisting of Si, SiOj, metal oxides, metals and^^- ;^^^ 
rnixtures. thereof lining said.dpenirigsJ . ■ : • > ' '/ 
35,. ' . 7 The rnethod of claim 31 Wherein iaid removable template is further coitipfised 
of buttress maieriaf further comprising: glasses and said- layer deposition material r ; 

. selecied from the group, consistirig of Si, SiG2v metal oxides, metals and riimw - v 
thef edf hnirig said; openings. : . 
36-. ^ :The method, of claim 31. wherein ^aidrenlovable ternp is further comprised 

' of buttr€:ss^ niaterial selected' ffditi the :gr6up cdrtsisiing^of Sv SiO^* pdlyittiides.^^: . 
photoresists. . hon-glaSs rnetal d?ddes and fnixrures thereof arid said depdsitibh- lave f 

■material selected from the group: consisting of Pt, Ni, Pd, He, W, Cr, Mo; Co. R'u-^^ 
Re, Ir, Os, AJ. Gu, Si, SiO^. metal oxides and mixtures thereof lining said operiinys.' " . 
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Proviuc a substrate with at least 
two buttresses or a substrate with 
at least one trench, hole or via. 



1 



s ^ 


Deposit either conformally or 
non-conformaiiy a deposition 
layer (or multi-layer) on all upper 
. vertical and horizontal exposed 
surfaces of buttresses, if any, and 
substrate 








s ^ 


Total or partial removal of non-conformal 
deposition layer or multi-layer from all 
horizontal surfaces or total removal of 
conformal deposition layer or multi-layer 
from ail horizontal surfaces 


4 






Etch substrate 



• - ; • r[ ::. ' • ' ...... 

Remove buttresses, if any, and 
deposition layer or multi-layer from 
substrate 
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inventions (A) and (B) is known; e.g. from figs 5A and SB of ^EP3 94722 (indeed this 
document, a copy of which Is enclosed, seems to anticipate claim 14), and (ii) the 
integrated circxiits o£ claims 15-23 could be (and indeed have been) made by processes 
other than that of invention (A)- Your anention is directed to GB234579 1 (esepcially page 
12, lines 23-25), GB2330453 (especially page 9, line 15)^WO93/08840 (especially fig 8 
arid page 7, line 29)'^and EP459772 (esepcially page 13, lines 29-31) in this latter respect, , 
copies of all of which are also enclosed- , Again, many of claims 15-23 appear to be 
anticipated by, or lack any inventive step having regard to, these four documents. 

3. You will need to amend your claims, so thai they relate to only one invention or 
inventive concept. You will also need to make consequential amendments to the ^ 

: description. You should also note that, as indicated intlie report of 18 May 2000, a full 
search of inventioiis. (B) and (C) has not yet been porfe 

Clarity' ' ' ■ ; z. . ../ ; ^ \ 

4. Line 9 of claim 1 should desirably refer to "at least one trencli" to make it 
consistent with lines 13-15, A similar point arises in claim 13 (the first line pn^page 10) 
whare "The ixench" should read "the at le^ 

5. The passage^'using at least one of the mask openings to define the location along a 
conductor to which the vis or contact is to be connected" in claim 14 is unduly vague. 
Some indication of how the maak.opening(B) is so used needs to be incorporated in this , 
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claim (cf claims 1 and 13) , » : 

6. Tlae expressioa " about 0,3 micron or leas" in claim 15, and similax expressions in 
claims 11, 20, 21 and 22 are unclear. I am happy to allow an expression which specifies a 
range with definiie limits or an Q3q>res3ioii which defines an approximate value (see c.g- 
claim 23) , but an expression which specifies a range with approximate lim is too 
uncertain in scope, ■ ; - 

7- It is not clear what exactly is meant in claims! 11 and 15-23 by. ''feature size" in the 
context of connections which have a npn-squarc cross^sectioii. 
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